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Abstract 
A Finite Element analysis of carbon nanotube (CNT) reinforced Epoxy based composite subjected to thermo-
mechanical loading is presented in this paper. A coupled field analysis of a hexagonal RVE with long and short 
CNT embedded in an epoxy polymer matrix is carried out to analyze the effect of CNT reinforcement on the 
thermo-mechanical properties of the epoxy polymer. The analysis shows that long CNT’s prove to be better 
reinforcement than short CNT’s for the nano composites subjected to thermo-mechanical loading 
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1. Introduction 
  Ever since their discovery by Sumio Iijima, Carbon nanotubes (CNTs) have garnered a significant amount of 
attention from both the scientific as well as the engineering communities on account of their outstanding properties. 
These exceptional properties of CNTs, in addition to their unique structure, make them promising candidates for a 
wide range of applications ranging from sensors, nano bearings and nano probes to field emission displays, energy 
storage and energy conversion devices[1]. One important application of these unique materials is as reinforcement in 
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polymer matrix composites to provide enhanced mechanical [2-4], thermal [5, 6] and electric properties [7, 8]. The 
fibrous structure of CNTs makes them well suited for such applications. It is widely believed that due to their vastly 
superior properties, the increase in strength and conductivity of polymer matrices achieved with CNT fillers may be 
more than an order of magnitude higher than that provided by traditional carbon fibers. As such a significant amount 
of current research is aimed at addressing the various issues associated with the fabrication and analysis of 
CNT/polymer composites so that the superior properties of CNTs can be realized in their composites. 
       The thermal properties of CNT/polymer composites are of particular interest in many applications like 
conductive polymer films and electronic components. Due to the high thermal conductivity of CNTs (about 6000 
W/m K, for single walled nanotubes [9] and about 3000 W/m K, for multi walled nanotubes [10]) and their 
extremely high aspect ratios (>1000), the thermal conductivity of CNT/polymer composites is expected to be very 
high. This also implies that only a very small amount of CNTs is required to significantly alter the properties of the 
matrix material. This has been confirmed by recent experimental results. Epoxy resins are among some of the 
polymer materials that are resistant to adverse conditions and are characterized by good stiffness, strength, stability 
and chemical resistance and adhere well to embedded fillers [11]. As a result, they have been used in a lot of 
electronics such as resistors, inductors, capacitors, lasers, low loss dielectric and waveguide where toughness and 
resistance to high temperatures are required. With the increase in demand for affordable interfacial materials that are 
capable of dissipating heat effectively in electronic systems, nano-materials like carbon nanotubes have been 
incorporated in epoxies and other suitable polymers such as polyimides to form nano composites [12]. The choice of 
polymer matrix is greatly influenced by the anticipated area of application. For instance, high temperature 
applications in spaceships would require the use of polyimides and epoxies [13]  
    In this study a coupled field finite element analysis is carried out for CNT reinforced epoxy based composite 
subjected to thermo mechanical loading. The effect of CNT length on the thermo mechanical behavior is analyzed 
using a hexagonal Representative Volume Element (RVE) 
 
2. Continuum Modelling of a Hexagonal Representative Volume Element (RVE) of a CNT reinforced        
composite 
The continuum mechanics is the study of material behaviour when subjected to external elements affecting 
the properties of a material such as forces, temperature, chemical reactions and electric phenomena. Deformation in 
solids are studied which are due to external forces such as gravitational forces, electromagnetic forces and 
mechanical forces. In continuum mechanics, a material is assumed to be a continuous and homogeneous media. This 
approach has been employed by many researchers for characterizing the individual CNT and CNT reinforced 
nanocomposites.  
     There are several options in the continuum mechanics approach for modelling the CNTs. Beam models 
are 1-D (line) models (usually straight) for slender structural members under bending loads. They have been applied 
successfully for calculating the overall responses of the CNTS, such as the defamation or vibration modes. Shell 
models, in which only the 2-D mid-surface of a thin structure is modelled, are easy in modelling and efficient in 
computing. However, it is difficult to couple shell models with the 3-D solid model used for the matrix at the 
interfaces, since the two models involve different types of variables or degrees of freedom, It is therefore, a natural 
and safe choice to apply the 3-D elasticity (solid) models for the analysis of CNTs when they are embedded in a 
matrix material. Solid models of the CNTs provide the best possible accuracy among all the continuum mechanics 
models. Numerical methods such as the finite element can be applied readily for solving the 3-D multi-domain 
elasticity problems that describe the interactions of the CNTs and matrix, provided careful attentions are given to the 
unique geometry of the CNTs 
 3. Coupled Field Thermo- mechanical Analysis: 
A hexagonal Representative Volume Element (RVE) [14] is modelled in Ansys 15 using following elements 
capable of coupled field thermo-mechanical analysis: 
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Thermal Element: Solid 90 
Structural Element: Solid 186 
The CNT is modelled as a thin hollow tube embedded in the matrix. The coupled field analysis is carried out 
using the Physics Environment which involves creating the thermal and structural environment database and 
performing each analysis in a sequential way such that the results of thermal analysis is incorporated as inputs in the 
structural analysis. The dimensional and material properties used in the analysis are as follows: 
 
        Matrix: Hexagonal RVE of Length L=100nm; outer radius =10nm 
                 Material Properties: Epoxy resin  Young’s modulus Em =6 nN/nm2; poisson ratio υm = 0.39 
                  Density =1.2 e-24 kg/nm3; Thermal conductivity=0.35e-9 W/nm-K;  
                  Coefficient of thermal expansion =55e-6 /K 
CNT: Long CNT of length L=100nm; outer radius =5nm; inner radius =4.6nm 
             Short CNT of length L=50nm 
            Material Properties: Young’s modulus Et =1000 nN/nm2; poisson ratio υt = 0.3 
            Density =1.34 e-24 kg/nm3; Thermal conductivity=6000e-9 W/nm-K;  
            Coefficient of thermal expansion =2e-5 /K 
Boundary Conditions: All degrees of freedom are constrained at left end face of RVE and at the right end face a 
pressure of 0.5nN/nm2 is applied. Temperature applied at the left and right end faces are 200C (293K) and 1000C 
(373K) respectively 
 
                                                     
 
 
 
 
The above Fig 1 & 2 shows the Finite Element cut section Model of a Hexagonal RVE with a long continuous CNT 
and short CNT respectively. 
 
4. Results and Discussion:  
In this study a hexagonal RVE (Representative Volume Element) with long and short CNT are analysed with 
thermo-mechanical loading.Fig3 (a&b) shows the von mises stress plot in hexagonal RVE with long CNT subjected 
to thermo-mechanical loading. The maximum stress of 18.98 nN/nm2 occurs in the CNT showing that the maximum 
load is shared by the CNT in the RVE. Fig4 (a&b) shows the total thermo-mechanical strain plot in hexagonal RVE 
with long CNT. Fig5(a&b) shows the von mises stress plot in hexagonal RVE with short CNT subjected to thermo-
mechanical loading.Fig6 shows the total thermo-mechanical strain plot  in hexagonal RVE with short CNT. 
        
 
 
 
 
 
 
Fig 1:Finite Element cut section Model 
of a Hexagonal RVE with a long 
continuous CNT 
Fig 2:Finite Element cut section Model 
of a Hexagonal RVE with a short CNT 
matrix 
Long 
CNT 
Short 
CNT 
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Fig 4 Plot of total thermo-mechanical strain in Hexagonal RVE with long CNT(a)RVE;max 
strain =0.13623 (b)CNT;max strain =0.013394 
Fig 3 Plot of von mises stress in  Hexagonal RVE with long CNT subjected to thermo-
mechanical loading in(a) RVE (b)CNT; max von mises stress =19nN/nm2 
Fig 5 Plot of von mises stress in Hexagonal RVE with short CNT subjected to thermo-
mechanical loading in(a) RVE (b)CNT ; max stress =18.11nN/nm2 
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        The results of the analysis are as follows: 
 
 
 
 
 
S.No. CNT 
Type 
Von mises Stress(nN/nm2 )by: Increase 
in stress 
(%) 
Total thermo-
mechanical strain Mechanical 
Loading 
Thermo-
mechanical 
loading 
1 Long CNT 
(100 nm) 
16.5 19 15 0.1363 
2 Short CNT 
(50 nm) 
13.4 18.11 35 0.1732 
             
4. Conclusions 
It is observed that the  von mises stress in the hexagonal RVE with long CNT increases by 15% when a     
temperature difference of 800C is applied across the two end faces of the RVE along with the mechanical 
loading.The change in Von-mises stress from mechanical to thermo-mechanical loading is found to be 35% 
in case of hexagonal RVE with short CNT embedded inside the RVE. The results show that the long CNT’s 
improve the thermal conductivity[15] more as compared to short CNT’s due to greater volume fraction of 
6.2% as compared to 2.6% in case of short CNT in the matrix and hence prove to be better reinforcement 
for the nano composites subjected to thermo-mechanical loading 
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